In order to enhance heat transfer between primary surface and the environment, radiating extended surfaces are commonly utilized. Especially in the case of large temperature differences, variable thermal conductivity has a strong effect on performance of such a surface. In this paper, variational iteration method is used to analyze convective straight and radial fins with temperature-dependent thermal conductivity. In order to show the efficiency of variational iteration method (VIM), the results obtained from VIM analysis are compared with previously obtained results using Adomian decomposition method (ADM) and the results from finite element analysis. VIM produces analytical expressions for the solution of nonlinear differential equations. However, these expressions obtained from VIM must be tested with respect to the results obtained from a reliable numerical method or analytical solution. This work assures that VIM is a promising method for the analysis of convective straight and radial fin problems.
Introduction
Finned surfaces have enhanced heat transfer mechanism between the primary surface and its surrounding medium. Such heat transfer mechanisms are highly demanded with the developing technology. A fin array in conduction combined with radiation in a nonparticipating medium or basis of dynamics of heat transfer in a space radiator and basic onedimensional radiating fins have been studied extensively [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . A heat-rejecting system consisting of parallel tubes joined by web plates was studied by Bartas and Sellers [1] . Expression of the optimum proportion of triangular fins radiating to space at absolute zero was presented by Wilkins Jr [2] . As a structural element in the space craft applications, applications of the radiator were studied by Cockfield [4] . Optimization of mass and structure of a space radiator for a flight power system was considered by Keil [5] . Optimum shape and minimum mass of a thin film with diffuse reflecting surfaces were determined by Chung and Zhang [6] . Krishnaprakas and Narayana studied the optimum design of a longitudinal rectangular fin system with angle [7] . The topic of optimizing the design of heat tube/fin-type space radiators for the case of uniformly tapered fins for flat fins was considered by Naumann [8] . Since the temperature difference of the fin base and its tip is high in the actual situation, taking into consideration the variation of the conductivity is an important issue. For this purpose, Arslantürk [12] made an analysis including the effects of the variation of the thermal conductivity of the radial fin material by using Adomian decomposition method (ADM).
For the convective straight fins, a number of studies have also been conducted. Aziz and Hug [13] obtained a closed form solution for a straight convective fin with variable thermal conductivity using regular perturbation method. Yu and Chen [14] solved nonlinear conducting-convecting-radiating heat transfer equation assuming a linear variation for thermal conductivity. Razelos and Imre [15] took a variable convective heat transfer coefficient into account in fin problem. Laor and Kalman [16] analyzed different fins with temperature-dependent heat transfer coefficient. Arslantürk [17] used ADM to obtain analytical expressions for dimensionless temperature and fin efficiency with temperature-dependent thermal conductivity.
ADM has also been used for analyzing various nonlinear problems in heat transfer [18] [19] [20] [21] [22] . ADM is a technique for obtaining analytical expressions in the solution of nonlinear differential equations [23] . The method depends heavily on tedious work of finding of Adomian polynomials and then using them in the iteration of ADM approach to obtain an analytical expression as a solution. In brief, this is a cumbersome process especially in obtaining higher-order approximations.
In recent years, a solution technique called variational iteration method (VIM) [24] has been given great importance for solving nonlinear differential equations. VIM is a kind of variational-based analytical technique in efficient solution of nonlinear differential equations including boundary value and initial value problems, nonlinear system of differential equations, nonlinear partial differential equations such as linear fractional partial differential equations arising fluid mechanics, nonlinear thermoelasticity problems, nonlinear fluid flows in pipe-like domain problems, or solving integro-differential equations [25] [26] [27] [28] [29] [30] . The reason for choosing VIM in present problem is that this solution technique can be used in many engineering problems effectively. VIM directly gives the solution of corresponding equation which is one of its advantages when compared to ADM solution for the second example. The formulation and solution processes of VIM are much easier when compared to decomposition methods, in this respect, VIM is an easy-to-apply method for the analysis of nonlinear problems in engineering.
In this study, analyses of convective straight and radial fins with temperature-dependent thermal conductivity are carried out by using VIM and FEM. The results obtained from both analyses are also compared with the available results in the literature obtained previously using ADM. Hence, the efficiency of the VIM solution technique can be illustrated with comparison with respect to ADM and FEM. Also by means of these comparisons, it can be shown that VIM is a better alternative in the solution of such problems. The temperature of the base surface where the fin is attached is T b , surrounding fluid temperature is T a . Fin's tip is insulated. One-dimensional energy-balance equation is
where k(T) is temperature-dependent thermal conductivity. If thermal conductivity is assumed to be a linear function of temperature, it becomes as follows:
where k a is the thermal conductivity at the ambient fluid temperature of the fin and λ is a parameter defining the variation of thermal conductivity. Introducing the following dimensionless parameters,
3) (2.1) reduces to the following equation
with the following boundary conditions:
The computational domain 0 ≤ x ≤ b is transformed to 0 ≤ ξ ≤ 1 by introducing the dimensionless parameters given in (2.3). 
Radial fins with temperature-dependent thermal conductivity.
An example of heat pipe/fin space radiator is shown in Figure 2 .2. Both surfaces of the fin are radiating to the outer space at a very low temperature, which is assumed equal to zero absolute. The fin has temperature-dependent thermal conductivity k, which depends on temperature linearly and fin is diffuse-grey with emissivity ε. The tube surfaces temperature and the base temperature T b of the fin are constant, and the radiative exchange between the fin and the heat pipe is neglected. The temperature distribution within the fin is assumed to be one dimensional, because the fin is assumed to be thin. Hence, only fin tip length b is considered as the computational domain. The energy balance equation for a differential element of the fin is given as
where k(T) and σ are thermal conductivity and the Stefan-Boltzmann constant, respectively. The thermal conductivity of the fin material is assumed to be a linear function of temperature according to
where k b is the thermal conductivity at the base temperature of the fin and λ is the slope of the thermal conductivity-temperature curve. Introducing the following dimensionless parameters
the formulation of the fin problem reduces to the following equation:
As in straight fin, case computational domain is transformed to 0 ≤ ξ ≤ 1 by introducing the dimensionless parameters given in (2.8).
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VIM formulation of the problem
According to VIM, the differential equation (2.9) may be considered
where L is a linear operator, N is a nonlinear operator, and g(x) is an inhomogeneous term.
Based on VIM, a correct functional can be constructed as follows:
where λ is a general Lagrangian multiplier, which can be identified optimally via the variational theory, the subscript n denotes the nth-order approximation, u is considered as a restricted variation, that is, δ u = 0. Applying the formulation given above to differential equation (2.9), a new differential equation for λ can be obtained as follows:
To solve (3.3), boundary conditions are obtained by integrating parts of (2.9) with respect to (3.2) ; B.C.1: for δθ n (ξ),
B.C.2: for δθ n (ξ),
Then, Lagrange Multiplier λ is obtained by assuming L = d 2 /dξ 2 with the restricted variation δ u n = 0. If the above formulation is applied to (3.2), the following iteration formula can be obtained accordingly:
with Lagrange multiplier as follows:
The iteration formula given in (3.6) is a simple approximation. Further information about finding Lagrange multiplier λ and its related boundary conditions can be found in [24] [25] [26] [27] [28] [29] [30] . Especially, [24] is the pioneering work for the specific method VIM and other references include the applications of the method to different problems.
Solutions for fin temperature distribution
4.1. Straight fins. As a starting approximation for VIM solution, θ is assumed as constant, which was assumed as constant also in ADM solution [17] . First, three iterations of the VIM are θ 0 = A, (4.1)
2)
3)
An approximate expression for temperature distribution can be obtained by ignoring higher-order terms in the expression at the end of the seventh iteration. Hence, an approximate solution for θ becomes VIM solution for radial fins is obtained at the end of the fourth iteration. As in straight fins, coefficient A is the temperature at the fin tip. The computational domain is defined by a nondimensional term ξ and the value of ξ is in the interval of [0,1]. Value of A can be determined again by applying the boundary conditions in (2.10) to (4.9).
Numerical results

Straight fins.
The VIM results obtained from VIM analysis are compared with FEM results and also the results obtained from an approximate sixth iteration ADM expression given in [17] . Results have shown that VIM expression still provides a good approximation for the temperature variation at the fin tip.
Radial fins.
As in straight fins, the VIM results obtained from VIM analysis of radial fins are compared with FEM results and also the fifth iteration ADM results available in the literature [12] .
Between 
Mathematical Problems in Engineering
Conclusion
VIM and FEM analyses of convective straight fins and radial fins with temperaturedependent thermal conductivity have been conducted in this study. VIM is a variationalbased iterative technique and it is an effective method in the solution of nonlinear differential equations. In each iteration, the method gives directly the solution as a polynomial expression and this is the main advantage of the method when compared to ADM or FEM. For the problems considered in this study, the solution is obtained in the form of a higher-order polynomial (n > 8) in the space variable ξ. It can be clearly seen from the figures, VIM results seem much better than the results of ADM. With the increasing effect of variable thermal conductivity which leads to increasing nonlinearity in the equation, higher-order approximations may be required in VIM solution in order to reach an acceptable accuracy. However, VIM solutions for both problems give better results when compared to ADM solutions at the same order of approximation. If the nonlinearity in the equation to be solved increases significantly, more iteration can be required and this may be a time-consuming process. However, for the present study, obtained results are enough to come to a conclusion about the efficiency of the method. It is also observed that the value of thermogeometric fin parameter is another factor affecting the behavior of the solution. As a result, it can be concluded that VIM is an advantageous method when compared to ADM in view of formulation and solution processes. 
